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NATIORAL ADVISORY COMMITZEE FOR AERONAUTIOCS

TECHNICAL NOTE KO, 656

HYDRODYNAMIC AND AERODYNAMIC TESTS OF MODELS

OF FLOATS FOR SINGIE-FLOAT SEAPLANES
K.A.C,A. MODELS 41-D, 41-E, 6l-i, 73, AND 73-4

By J« B. Parkingon and R. O. House
SUNMMARY

Tests were made in the W.A.C.A. tank and in the
NeAaColAe 7= Dby 1lO~foot wind tunnel of two models of trans-
verse-step floats and three models of pointed-step floatls
considered to be suitable for use with single-float sea= s
planes. The models were designed at the N.A.C.A. tank as T
part of a program having for its object the reduction orf
the water resistance and spray of single-~float seaplanes
without reducing the angle of dead rise belisved to be necw~
essary for the satisfactory absorption of thc‘shock 1oads.- T

The form of H.A.C.A. model 41-D is similur to that of
the Navy Mark V float (N.A.C.A, model 41-A) but has more
gradual fore-and-aft curvature of the buttock lines nea¥
the stops and a lower angle of afterbody keel. N.A.C.A,
model 41-E ig a modification of model 41-D, the rear step
having becn climinated.  N.A.C.A. model 61-A has a pointed
stop with a horizontal afterbody similar to N.A.C.A. model T
B5-=B. H.AsCeA. model 73 is a refincment 6f the pointed-
step form, in which a fairing has been fitted above and
bebhind the step. N.A.C.A., model 73~A 1s a modification of
model 73, tho chine being wider and higher ncar the bow
for grenter seavorthiness in rough water.

All the models wero tested in the N.&.C.A. tank free
to trim at one gross load. The results indicated that all
the models have less resistance and spray than the model
of the Mark V float and that the pointed-step floats are
somewhat superilor to the trangverse-sitep floats in these —
respects. Models 41-D, B8l-~A, and 73 were tested by the
general method over a wide range of loads and speeds; the
results ars presented in the form of curves and charts for
use in design calculations.
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The aporodynamic drag of -the models was determined in.
the NeAeCel, 7= by 1lO-foot wind tunnel at angles of pitch
from -10° to 16°, Models Blwd and 73 have the lowest min~
imum drag coefficient and model 73-A has the highest. Tho
difference between models 4l=D gnd 41-E is negligible.

INTRODUCTION

Tests in the N.AsC.4d. tank of models of the Navy Mark
V and Mark VI floats for single~float seaplanes and of
NeAeColAe model 35«B under the game conditions of Yoading
are described in reference 1. These tests were the first
part of an investigation, undertaken at the request of the
Buresu of Acronsutics, Navy Depvartment, to obtain results
that could be used to improve the resistance and spray
characterigtics of ‘gingle floats without decreasing the
angle of dead rise incorporated in the Mark V lines (26°
at the keel and 22-1/2° including flare). The results
presented in reference 1 indicate that resistance and .
gpray wero adversely affocted by the excessive trims asw
gumed at low speoeds by the Navy floats and that pointed=-
step forms with horizontal aftcrbodies offer some possi-
bility of improvement becaunse of their lower trims.

As a continuation of the investigation, models of
several floats were designed for the same service as that
of the Hark V float dut having certain featuroes suggestod
by the regulits of the earlier tank tests. These models
were testod in the N.A.C.,A. tank to determine thelr wator
characteristics and also in the NsA.C.A. 7= by 1lO0=foot
wind tunnel to determine thelr relative aerodynanic drag.
The results have becn combined in this report so that the
various forms may be evaluated from considerations of
flight os well as takewoff performance.

DESCRIPTION OF MODELS

The lines of the models are shown in figures 1, 2,
and 3. Model 41-D (fig. 1) is similer to the Mark ¥ float
(NehoCohs model 41-A), shown dotted, Yut the changes in
the fore-=and~aft curvature of the planing surfaces have
been madc loss abrupt to secure more uniform digtribution
of the bottom pressures., The design also has a lower an-—~
gle of aftorbody koel for the purpose of reducing the trin
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at the hunp speed. The forebody buttocks ars stralghter
near the forward step and the short hook-forward of the
second gstep found on model 41l-A has been replaced by a
more gradual hook beginnling at station 13. Model 41~E has
tho same form as model 41-D except that the second step is
eliminatod by extending.the hook back to the tail of the
float, resulting in a further reduction in the effective
angle of afterbody keel, : . -

In nodel 61-A (fig, 2) the pointed~step form of
NeheCoh, model 35~B (reference 2) has been adapted to a .
float form by using & bow with a form similar to that of
the Navy Mark VI float (N.A.C.A. model 41-B), a transverse
chine flare on the planing bottom, and a rounded deck., It
was first tested as model 81 {shown dotted) with a shorter
bow similar %0 that of model 41-D and model 41-A but the
extended bow was finally adopted becauss it was. cleaner at
very low speeds. .

Model 73 (fig. 3) is a further refinement of model
6l=A 1In which the high vertical sides of the pointed step
and the deep dlscontinuity behind- -the step have been re-
duced by a sultable fairing. This fairing adds volums %o
the float and reduces structursl discontinuities. A shavse
that would not impair the hydrodynamic qualities of the
pointed~step form was determined from preliminary tests
with plasticine fairings on model -61~A. The small verti-
cal side above the chines along the step was found to be
necessary to keep the fairing from being wotted at intern
mediate planing speeds and 1light loads. The plan form of
nodel 73 was made wider near the tall than that of model
61l=f in-order ‘to secure more buoyancy aft rand more 11if%
from the afterbody at low speeds on the water, although
the widor form entailes some sacrifice in resigtance char-
actoristics at high spoeds and light loade because of
afterbody interference. i ~ S —

odel 73-A (shown dctted on fig. 3) is a modification
of model 73 in which the chine forward of station 6 has
been moved upward and outward and a definlte horigontal
flat has been incorporated in the sections at the chinese.
This form of bow 1s considered by the Bureau of Aesronau-
tics to be more seaworthy in rough water than the bow of
model 73,

It should be noted that the greater over-all length
of the pointed-step floats is a result of the longer bows
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uged rathor than of an inecrease in the size of the planing
gsurfaces.

The fore-and-aft positions of the center of gravity
gshown were determined from considerations of trim at low
speeds, The hoight of the center of gravity from the keol
for all the models was made the same as that of the orig-
inal Favy nodel {(model 41l-4),

Tho offsots of the models are given in tables I, II,
III, and IV, The inportant characteristics of their forms,
including those of model 414 are as follows!

N,A.C.A, model (MZ§kAv) 41-~D J41-F [6l=A | 73 |73-A
Length, in.- T6,21 |76,53 (77,06 [80,40{80,40|80,40
Beam, in. 12,00 112,00{12,00(12,00{12,00|12,00
Depth, in. 10.29 |10.,29110,29 {10.29{10.29{10,29
Angle of dead rise: -

at keel, deg. . 2640 26,0 (26,0 [26.0 [26,0 (26,0

including flare, i

dege. 2245 22,5 |22.,5 [22.5 {22.,5 [22.5
Center~of=gravity

locationt

above keel, in, 24,43 | 24.43|24.43|24.43)24,43)|24,43

aft of bow, in, 37.37 | 36,00 |36400 |39.45| 39,45 39,45

Total volume,
cue in, 4,430 4,690 (4,695 [4,975|5,480|5,446

Draft at rest, in,
(8846-1b. load). Bed 642] 642 6.7] 6al| 642

Trim at rest, deg.
(88,6~1b. load . 3.4 3.1 340 3.1 2.1 1,9

All the models were made of laminated wood and smooth-
1y finighed with gray pigmented varnish.
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"HYDRODYNAMIC TESTS

Test Précedure

The hydrodynamic tests were made in the N.A.C.A., tank
(referenco 3) using the towing gear described in reference
4. The models were flrst tested free to trim at one gross
load in order to observe their general behavior and to de-
ternine g sultable forewand-aft position for the center of
gravity of the seaplane. Fixed-itrim tests were then nmade
by the gensral method over a wide range of operating con-
ditions in order %o obtain data for design calculatlons.

_ In the free-to-trim tests, the models were pivoted at
‘a point corresponding to the assumed center of gravity of
the seaplane and balanced about this point so that -the
trinm was not affected by a gravity moment. The results
then closely represent the characteristics of the soaplane
with no control from the pilot because the thrust moment of
a float seaplane and the aerodynamic momonts at low speeds
are both quite small, Several fore~and-aft poslitions of
the pivot were ftried in each case to find the best compro=
mise for operation at low speeds with little or no contrel
fronm the pilot. The final positions chogen are shown in
figures 1, 2, and 3. The conditions assumed for these
free—to=-trim tests were the same as for the esarlier tests
(vreference 1) of model 41-A, as .follows: ST

Full-~size Model
Grosa load, 1b. 3,800 88,46
Get—awaj speed, f.DPes. 89.5 47,8
Linear ratio, full-size to '
model 3.50

The wing 1ift was simulated by a hydrofoil device
(reference 4% set to produce a 1lift equal to the model
gross load at the model get-away speed. At Iintermediate
speeds, the lift was measured by a dynamometer inserted in
the 1ift wire. Resistance and trim were measured during
runs at constant speed.

In the fixed-trim tests, the resistance, the trimming
moment, and the draft of models 41~D, 61l-A, and 73 were
neasured at constant speed for all combingtions of trim,
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load, and speed thought to be necessary. The statlc drafis
and trimming moments of these models were measured for the
same range of loadings in order to obtain data with which
to determine load water lines and longitudinal stabllity
for various designs. In the case of model 41~E, a linlted
amount of data was obtained ‘merely to show the effect of
the altered afterbody under representative condlitions.
Fixed~trinm tests of model 73~& were not included in the
present program because the free—to-trim tests showed its
performance to be essentially the same as that of model 73
under the gmooth-water conditions existing in the tank.

Regults and Discussion

FPree-to-trin tegts.- The results of the froe-to-frinm
tests of models 41-D, 41-E, 6l-A, and 73 are plotted in
figure 4, together with corresponding date from the tests
of model 4l~A (Mark V float). For clearness, the results
of the test of nodel 73~A are not included in figure 4 but
are comparcd with thoge of model 73 in figure 5. In fig-
ures 4 and 5 theo recsistance is the water resistance plus
the small alir drag of the nodel, and the trim T ig the
angle betwoen the base line.of the model and the horizon~ .
tale The load is the model gross load minus the 1ift fron
the hydrofoil dovice. In the test of model 73-4, tho load
curve of the previoug models was not exactly reproduced,
the difference at the hump speed being about 2 percent as
indicated in figure 5,

The hump resistance of each of the five floats ls
lower than that of model 41-A, parbtly because of the lower
trim at which they run. The pointed-step floats have
higher maximun resistance but.lower resistance at specds
above thot of nmaximum resigtance than do the trangvorsew
gstep floats, models 41-D gnd 41-E, The Bow of model 73-A
hag slightly higher resistance than that of model 73. If
the difference in test loads were taken into account, the
difforence in resistance at the same load would also be
slightly greater than that shown in figure 5. Model 73
has the lowest average resistance through the low—sgpeed
rango., - - ) T '

The trimsg of all the models are likewise lower than
that of nodel 41-A. Model 41-E trims lower than model
41~D because of its small increase in afterbody planing .
surface and 1tg lower effective angle of afterbody keel,
Model 73 trims lower than model 61l-4A because of its fuller
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plan form aft. The trimg of models 73 aznd 73~A are sssen-~
tially the game.

Spray characterigticg.~ The spray characterigtics of
the wvarious modsls are more difficult to evaluate but the
general impression gained during the tests was that all
the nodelsg ran cleaner than model 41-A and that the pointed-
step forms were guperior %o the transverse-step forms.

The objectionable flow over the afbterdeck at very low
gpeeds, noted on model 4l-A in reference 1, wasg reduced
when the trim was reduced and practically disappeared in
the case of models 73 and 73=A. The height and volume of
the roach or jet of water aft of the tail wore less in =211
cages than that of model 4l-A. The roach formed by the
pointed~stop floats occurred later tham that of the trans-
verge~stop floots and appeared smaller. The extended bow
of models 61«4 and 73 appeared to run cleaner even for
snooth~wabor conditions than the bluff bows of models 41l-A,
41=D, and 41-E. The bow of model 73-A ran cleanest, Dprobw
ably becsuse of the pronounced flat at the chines in ths
forward sections. The cleaner forms of bow, however, ro~
quire greater over-all length of float and hence a small
inecrecase in the structural weilght. Typical photographs of
spray, taken during the free-to-trim tests, are shown in
filgures 6 %o 10.

Genorgl %ests at fixod trim.- The results of the
tests at fixed trim are plotted in figures 1l to 29. The
figure numbers are given in the following table: Tt

Figure ' numbers
Trim, T (deg.) 3 5 7 9 11 13 15
Model 41~D 11 12 13 14 15 16 17
Model 41-E 12 | 18 14 15 16
Model 6l-& 18 19 20 21 22 23
Model 73 24 25 26 27 28 29

The nondimensional coefficiernts are those goenerally used
for the rosults of tests of flying-boat hulls and are de~
fined as followsgs o . R
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Registance coefficient, Cgn = —%g
W
Lond coeffieient Cp = L
i A7 w3
. - M
Trimming-moment coefficient, Oy = —
w
Draft coefficient, Op = %
v
Speed coefficient, Cp = ———
v &b

where R ig the water resistance plus the air drag of
the float, 1b. :

A, the load on the float, 1lba
¥, the trimming moment of the float, 1lb.-ft.

dy, the distance of the kesel at the main step below
the free water surface, ft.

V, the speed, f.DsSe

b, +the maximum beam of the floabt, ft.

¥, the specific weight of water, 1b./cu, ft..
gy the acceleration of gravity, 32.2 ft./sec,®

Thoe moments are referred to the csﬁﬁer—bf-gravity pogi-
tions shown in figures 1, 2, and 3. Moments tending to
raigse tho bow are considered positive.

The coefficients are based on the maximum beam of the
float .as the characteristic dimension rather than on the
cube root of the total volume in view of the fact that the
form above the chines hag no effect on the hydrodynamic
qualitlies excopt at the lowest speeds and may be consgilder—
ably varled to suit surplus buoyancy requirements for spe~
ciflic designs. When the whole form of the float is con-—
gsidered fixed, as in the aerodynamic tests described latoer,
.8 system of coefficionts based on the total volume ig more
useful for comparative purposes becausge this volume is usu~
ally fixed in relation to thc gross welght of the seaplanoc
regardless of the shape of the float.
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The effect of the. difference in the form of the after-
body of models 41~D and 41-E ig shown in figures 12 to 16.
At 5% trim, model 41~E has higher resistance at high speeds
because of greater afterbody interference with flow from
the forebody. A%t 7° trim the spray from the forebody ap—
parantly clears the afterbody, as no appreciable increase
in resistance is found. At higher trims end at low speeds,
model 41-E has slightly lower resistance, lower positive
trimmning moments, and less draft because of the greater
1ift of its afterbody.

At 9° trim, model 41-D has two regimes for load coef-
ficients 0,3, 0.15, and 0.075 (fig. 14). The upper curves
for these load coefficients were obtained with the forebody
in the woter and spray striking the afterbody. The lower
curves were obtalned with the forward step clear of the
water and with the load borne only by the afterbody. With-
in the range shown double-valuoed, the model would bo stabloe
at constant speed in either position. Under the same con—
ditions, models 6l-A& and 73 rar only on the afterbody, )
even after the forobody was pushed down into the water by
hand at the boginning of the run (figs. 21 and 27),

The trimming-nonont and draft coefficients at rest of

models 41-D, 61-A, and 73 are plotted against load cgoeffi-
cient in figures 30, 31, and 32, Similar data for fcodels
41-E and 73-A have not been included as the data for models
41-D and 7Z, respectively, may be used with sufficient ac-
curacy. From these figures, the curves of itrinming moment
and draft against trim may be determined for various sizes
and loadings. The corresponding curves for other positions
of the center of gravity may also be debtermined by the use

of the proper moment correctioxn. -

Data at best trim and at zero trinming moment.- Cross

plots of rosistance and moment coofficlentis against trin
at various solected specd coefficients were prepared from
the general test data for models 41-D, 6l-A, and 73 to
provide data for comparisons and design calculations.

From these cross plots, curves of resistanceé coéfficient
and trim at zero trimming moment against speed coefficient
(figs. 3% to 35) and curves of resistance coefficient,
trim, and trimming-moment coefficient et best trim (trin
of lowest resistance) against speed coefficient (figs. 36

to 38) were obtained. Charts for the determination of re-

sistance at zero trinmming moment and at best trim are
glven in figures 39 to 44 in the form of curves agalingt )
load coefficient. The corresponding data for models 41-E

—_—,—————
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and 73-A have not beon included becausc of the small dif-
ferences betweon their characterisgtice and those of nodels
41-D and 73, rospectively. The use of the data for vari-
ousg take-off calculations ig outlincd in reference 1.

In the foregoing data, tho best trim is considerecd to
bo the trim that resultes in lowost rosistance when the
forebody is in contact with the wator, although lower re-
sistonce may be obtained at high spoeds and light loads
whon tho forebody is clear of the water. The condition of
the forebvody clear of the water results, of course, in
higher negative trimming moments and shounld therefore be
the subject of a.separate calculation in.which the control
available from the elevators ig considered.

The rosistance coefficlents aof models 41-4, 41-D,
6l-A, and 73 at various load coefficients are compareéd in
figure 45. The use of these coefficionts provides a con-
parison ou the basis of aqual beams; hcence, it follows
that in this comparicon the pointed-step models having
bhigher longth-beam ratios are longer and have more total
buoyancy thon model 41-A. At zero trimming moment, tho
order of nierit of the models is the same as indicatcd in
the results of the speceiflc free-to-trim %egts. This or-
der of merit persists and is found even at heavier load
coefficients, model 7% having the lowest average resgist-
ance and model 41-A the highest. At best trim, model 73
has the lowest low-spcod resistance. Tho differences at
intormedinto plaring spcode ere small. At high specds and
light loads (Cp = 0,15), model 41-D has the same resist-
ance &g nodel 4l-A and the vointed~step models have a
lower reogistanco than either of the others. Model 6l-~A
has less rosistance in this region than model 73 bocouso
of its finer» afterbody.

AERODYNAMIC TESTS

Tesgt Procedﬁrb

The aerodynamic tests of the models were made in tho
NeAeCu Ay 7= by 10-foot wind tunncl (reference 5) with a
closed tcst section. The air drag was mcesured at a dy-
namic' pressuro of 16,27 pounds per: square faot, corre-
sponding to an air speed of 80 miles per khour at standard
sea~lovel atnospheric conditions. The range of pitch an-
gle wosg from -10° to 16° measured at 2 intervaels from tho
base line.
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The nodels were mounted inverted on the standard
single—snindle supvort in the center of the air stream.
A small nart of the spindle being exposed to the air, tests
were also made with a dummy support in place to obtain the
tare drag. Figure 46 shows model 73-A mounted in the tun-
nel, :

Regsults and Discussion

The data were reduced to coefficient form by means of
the relagtion

Cp = "“-31375
g vol : o
wnere Cp is the drag coefficient.
D, drag of fldat.
a4, . dynanmic pressure (¥ p Va).___

voley, volume of float.

The drag coefficient is based on volume rather than
area because the volume of a float is the more important
variable, being determined largely by the weight of the
geaplane.

The valucs of the drag coefficient are plotted against
pitch angle in figure 47. The pitch angle was measured
from the base line in figure 47{a) and from the angle for
nininun drag in figure 47(b). Models 6l-4 and 73 have tihe
lowest mininum drag and model 73-A has the highest.

The ninimum drag coefficient of each model and the.'
angle of pitch at whlch it occurs are given in the follow-
ing table, o

W.A.C.A. (Volune)2/3 Cp Pitch angle
model ¢ (ft)a -min (deg.)
41D 1,947 : 0.0373 0.5
41~E 1.946 L0370 0
614 2,024 .0325° -4
73 2.158 0330 -1
734 2,150 . 0400 0
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Tegts of streamlined bodies of different —cross-—sec-
tional shape have shown that when the intersections of thne
gsurfaces dre nlaced parallel to the air flow the drag
caused by sharp or by faired intersections is about the
same. When tho intersections are placed obliguely to tae
air strean, however, the drag caussd by the sharp inferw
section is much greabter than that caused by the faired in-
torsections (rofercnce 6). The drag of a float would
theroforc be expectod to lncrcase as the angles of kecl,
chine, deck, and step increasc relative to the diroction
of the air flow. ‘

Tho offect on drag of oliminabting the second step is
negligible, as is shown by the curves of nodels 41l~D and
41-E (fig. 47).

The drag is leas for model 6%~A than for model 41-D
at angles of pitch, meagured from,the base line, below 1
and above 11° and ig legs at all angles neesured fron theo
angle for: mininum drag. Part of the difference in drag of
the two Ffloats is probdably due to, the manner in which t%he
air flow ig affectod by tho different angles of affterbody
keel of nodel 61l-A 2nd nodel 41-D,

The drag caused by the transverse step of model 41D
is probably ebout the same as that caused by the pointed
step of model B1l-4, for it has been showm that the differ-
ence in drag dus to pointed and transverse stops is not
vory groat (refersnce 7). The bluff bow of model 41~D
would be expected to affect the dreg adversely; the ox-
tended bow of model Bl-A would be preferable.

Tho faired stop of model 73 adds less drag than tho
unfoired step of model 61~A for the range of pltch anglos
from —-10° to 7° except at the angle for minimun drag.

At minimum drag the air flow is probably parallel to
the cove; conseguently, fairing would have very little of=-
fect. At a2ll other angles of pitch, the cove is no longer
parallel to the froo air strean and fairing would be ex-
pected to recduce the drag. , .

The wider afterbody of model 7% probably causcs the
increase in drag above an anglc. of .piteh of 7% because the
air is then flowing at an appreciabls. angle to the longi~
tudinal direction of the float. The drag at angles of | .
nitch highor than 72 would be unimportant, inasmuch as
floats of this type are rarely flown at thesc attitudes.
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Model 73=A is aerodynamically the poorest of the
floats tested. Its high drag apparently is caused by the
form of its bow, which has higher and wider chines than
those of the other models tested. :

The order of merlt of the floats with respsct to low
aerodynanic drag is, in general, models 73, 61-4, 41D,
41-E, and 73-A. The angle to the flight path at cruising
sneed is the deternining factor in the choice of a float,
howevor, and if this angle _ is known, flgure 47 (a) nay be
consultea to find the best float on the aerodynanmic basgis
for the gnecifie condition.

The results of the tests of these models give further
evidence of the importance of keeping: sharp intersections
parellol to the direction of air flow. Making the bow as
fine as possible appears to be a way of reducing the bad
sZfects of the chine at the bow. It appearsg that the an-—
gle of ninimum drag may be changed by altering the angle
of the afterbody koel. When this modification is practi-
cable, the choice of the best angle of afterbody kocel
~-2h¢ result in an sppreclable reduction in drag in. the
.flylng rango. T

CONCLUSIONS

The most suitablc form of float for a givon design of
float scaplane depends on the rclative imporfance of ra-
quirenents that often conflict, such as low water resigt-
ance, low aorodynamic drag, Hood seavorthinosgs, low struc-
tural woight, ané econony of consitruction. In view of _

hosge considoratlons, the following conclusions arc drown
rogarding tho float forms dealt with in thls roport: '

l. Two of the pointed-step forms, models 61-A znd 73,
have lower water resigstance and lower aerodynamic drag than
the transverse-step forms, models 41-D and 41~E.

2. The faliring of the pointed step had only a small
effect on the water resistance and aerodynanmic drag.

3« The bow of model 73-A will be the most seaworthy
in rough water but it has high aerodynamic drag. The bow
of models 61-4A and 73 will be more seaworthy"%han the Dbluff
form of models 41-D and 41-E,

Langley Momorial Aeronzutical Laboratory,
National Advisory Committeo for Aeronautics,
bangley Field, Va., May 4, 1938,



14

1.

3.

B

N.A.C.A. Technical Noto No.. 656
REEFERENCES

Parkingon, J. Bet Tdank Tests of Models of Floats for
Single~Float Seaplanes - First Series. T.N. No.
563, N.A.C.hv, 1936.

Dawson, John R.: Tank Tests of Three Models of Flying-
Boat Hulls of ‘the Pointed-Step Type with Dlfferent
Angles of Dead Risc - N.A.C.JA. Model 35 Series.

Tele No, 551, Ned.C.A., 1938.

Trugscott, Starrt: The N.A«C.As Tank - A High-Speed
¢owing ‘Basin for Testing Madels of Seaplane Floats.
-LlRl N'O. 470 Ne. A.CIA.’ 1933,

Allison, John M.: Tank Tests -of a Modsl of the Hull
of: the Navy PB-l Flying Boat - N.A.C.A. Model 52.
TQN. NO. 576, NaA.G.A., 1936.

Wenzinger, Carl J,, and Harris, Thomas A.: Tests of an
NeAeCslAs 23012 Airfoill with Various Arrangements of
Slotted Flaps in the Closed-Throat 7- By 1l0~Foot
Vind Tunnel. T.R. No. (to be published), N.A.C.A.,
l938. .

Wieseolsberger, C.t Ailr Forces Exerted on Streamlined
Bodies with Round or Square Cross~Sectionsg, when
Placed Obliguely to the Airstream. T.M. No. 267,
I'T.-A-IG.A', 1924:'

Hartman, Bdwin P.: The Aerodynanmic Drag of Flylng-
Boat Hull Modslg as Measured in the Wed C.4, 20~
Foot Wind Tunnel - I. T.N,. yo. 525, NeAJ.C.A., 1935,



F.A.C.A. Technical Hote No, 688

TABLE I
OFFSETS FOR N.A.C.A. MODEL 41-D SIFNGLE YLOAT (INCHES)
Dig- Distance from base line Ealf-breadth
tance —
Station[from | Keel [B2 _|B2 IB3 [B4 |BS ¥I1 [WLi3 [WI3 W4 | Deck
T.P. 1.00%2.00{3.00(4.00|5.00 |Chine |Deck jChine |8.570 6.86|5.14(3.43 |radius
T.P. o | 2.80 2.502.50 | tang
to
T.P. .
1/4 1.07| 5.62|4.16 |3.39 3.18(1.36/2.56 0.27|1.95{ 2.71
/2 2,18 6.82{6.40 |4.42{3.87 3.7e{1.0013.42 ] 1.23 3,49
1 4,30 8.23[6.97 |5.96|5.19}4.82 4,79 .99(4.36 0.88{3.11 4.36
1-1/2 | .45 5.08|7.97 |7.00|6.23|5.73 5.57| .35(4.87 |0.43 |2.17 4,87
2 a.50| 9.55|8.57 [7.71]6.99|6.44]|6.19| 6.18} .22|5.21 [1.00 [3.21 5.21
3 12.90] 10.07|9.29 |8.55|7.92|7.38]7.06] 7.01] .07|5.64 |1.97 5.64
) 4 17.20/10.269.62 [9.00{8.43}7.94 7,691 7?.49| .02(5.86 {2.76 5.88
5 21.50|10.23(9.76 |9.23|8.72|8.24|7.86| 7.73| 0 |5.97 |3.32 5.97
s 25.20] - ‘
to 10.29} < —>|8.34|7.95| 7.81 6.00 6.00
0r 43,00
104 | 43.00{ 9.36 6.44
1 45.52 8.88) <— >| .00} |s.90° 5.90
11-1/2 150.16]| 8.35] < =i 5.5¢| 0 .|5.66 5.66
12 54.00|{ 7.82] «— — 5! 5.26) JO01|5.25 5.25
12-1/2 |57.84| 7.28 >| 4.98| .04[4.72 4.72
13 61.68| 6.8%) < >[ 4.85] .15(4.05° 4.08
13.1/2 |65.52| 6.51 |« ! 4.92| .31(3.27 3.27
14 £9.36] 6.34|-< »| 5.18] .564[2.39 2.39
T 6.30 5.48
15 : .71[1.69 1.69
A ]72.07] B.44|<— ol 4.62
16 74,61 '\\;4..90 - >| 4.41| .97[1.00 1.00
L.P, |76.83] 4.45 4,49 0.56
ADDITIONAL OFFSETS FOR MODEL 41-%
15 74,61 6.35|< | 5,86 1.00
A.P. |76.53| 6.43)< >| 8.22] 44

8nigtance from center line (plane of sysmetry)
Distance from base llne to water line (WL).

to btuttock (B).

Table 1
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TABIE II

OFFSETS FOR W.A.C.A. MODEL 61-& SINGLE FLOAT (IHCHES)

Table 2

Dis- Distance from base line Ealf-breaiths
tancas
Station | from |Keel | Bl B2 |B3 |B4 |BS |Main Upper|Deck | ¥ain |Upper|WLl _|WL2 |WL3 |WL4& |¥L5 | Deck
7.P. 1.00%] 2,00|3.00| £.00} 5.00 |chine|Cove| chine chire | chine|®,57% 6.85)5.14{ 3,43 1. 71 lradius
& cove
L]
T.P, o |1.72 1.7 1.71| o 2
n
1,03 2,12 H
a 1.00{4.43 | 2.79 | 2.23 2.22 76| 2,04 0.48{1.76 ]
H
.52 |1,10|2.48 g
b 2.00/6.35 | 4.74 | 3.74)3.29 3.20 .35] 3,25 0.71/2.5|2.54| &
.29 | .7i|1.59 b4
1/2 5.15{7.60 | 6.21 | 5.13|4.41 413 .13 2.99 0.5(1.98[3.90{3.11] ™
1 7.30{8.46 | 7.27 | 6.23]5.46}5.01 4,94 03| 4,51 1.37{3.58) 4.38|3.56 | 4.40
1-1/2 | 9.45(9.08 | 8.00 {7.07!6.30|5.79 5.62 o | 4.91 0,45/2.25(4.91(4.782.97 | 4.43
2 11.60{2.55 | 8.57 | 7.71|6.99|6.44{6.19] 6.18 2l sa 1.00{3.21|5.21) 5.10{ 4.29 | §
3 15.90[10.07 | 9.29 | 8.55|7.92| 7,39} 7.06| 7.01 5.64 1.97
4 20.20010.26 | 9,62 | 9.00|8.43] 7.94|7.59] 7.49 5.86 2.75
5 24.50010.29 | 5,76 | 9.23|8.72[8.24| 7.86| 7.73 5.97 3.32
6 zs.e0{ ¢ _518.34(7.95! 7,51{¢.43 4.43 6.00
- .
7 33,10 < 7.81)4.47 5.90| 5.00
8 37.40 < - 7.95| 7.88 4.591 5.46| 6,00
Y
9 41.70 < 8,34 8.10]5.12 4.43 4.57| 5.99
10 45,90 < 8.73{5.79] 4.47 3.20| 5.%0
1 50,30 > 9.64/6.70| 4.51 1.33| 5.63
v
r 0.29 |-« >|10.19(7.25
11-1/2 4.70 .20 5.44
A | 62.45{7.35 |< >
12 54,60 >f 4.81) | 5.20 A
13 £8.90 - >| 5.09] © 4.64 4,43
.20 | .69|1.65 3,97|3.80(3.05
14 63.20 < . >! 5.41{0.03 3.97
.39 [1.17|3.56 3.20|2.97(2.37 §
(-]
15 67.50 - —w| 5.78| .13 3.21 bl
[}
.75 | 2.95 2.32/2.09|11.67 | 4
o
16 71.80 <— 6.19| .29 2.37 &
2,09 1.34{1.17| .95{ &
o0
17 78.10 J ! 6.64| .B1 1.46
57
A.P. | 80.40{7.35 [« | 7.35 Bad,

&Distance from center line (plane of symretry) to bduttock (B). Ppigtance from base line to water line (vr).
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TABLE [IT
OFFSETS FOR N.A.C.h. WODEL 73 SINGLE FLOAT (INCEES)
Dis- Distance from base line T Hulf-breadths
Sta- { tance -
tion | from }Keel § Bl B2 | B3 | B4 | B5 |¥aln {[Cove |UpperjDeck|Main | WLl |WL2 [WL3 |WL4 [WL5 [Upper| Deck
F.P. 1.00% 2,00{3.00[ 4,07[5.00 [chine chins| chine|8.57b}6.86( 5.14}3.4311.71 {chine| radiue
£ cove
re. | o |15 1.65 {1.65| o
0.96 }1.94
a 1.00
4.45[2.85 | 2,37 2.23 .66 2.15 0.53}1.85
.47 |1.00{2,07 See
b 3.00 uprer
5.38{4.72 | 3.97|3.32 3.24 29| 3.48  |o.e8[2.65}2.78 affsets
.20 | .59(1.31|2.83 )
12 5.18
7.64{6.14 |5.13|4.49|4.20 4.19 12| 4.29 0.47{1,99|4.16(3.37
1 7.30| 8.50|7.17 |6.18|5.5L(5.10 4.99 03] 4.86 1.30|3,.84 4.43
1-1/2 | 9.46{ 9.11|7.96 |7.03|6.32!5.85]6.66| 5.65 0 | 5.26] 0.45(2.21 1
S
2 11.60{ 9.55|8.55 | 7.68]6.97|6.47(6.23( 6.20 5.55 .g7fa.z;1
3 15,90 {10.06]9.31 | 8.57|7.92)7.39[7.08| 7.03 5.87| 2.00
4 20,20 [10.24 j< 9.06|8.47|7.97|7.64| 7.E2 5,98] 2.83
5 24.50 |10.29|<——>|6.76|8.26 |7.88]) 7.75 6.00| 3.38
6 28.80 < >[8.34{7.95| 7.81| 7.566 6.00| 3.55 6.00
A IS '
7 33,10 < > 3 | 781 756 5,90 5.83|5.99
8 37.40 < > g 7.95) 7.84| 7.59 5.47 5.7315,98
7.35
9 41,70 ¥
<« ->| 8,34 2.06 | 7.81 4.64 5.33(5.94 6.00
7.63 |6.43
10 48,00
< | 8,69} 8.44[ 4.43 3,27 4.67(5.78 5,99
6.63 |5.62 '
11 50.30
< o> 9.68 | 8.43| 4.48 1.24 |.2.08{3.80(5.456 5,90
10.29 10.39 [10.04
11-1/2| s2.45
n0.0418.92 17.99]7.09/6.21 {5.32 4.52 o |1.37{3.28!5.20 5.83
12 54.60 | 8,96 j«- | 4.57 5.73
12-1/2]| 56.78 | 8,19 < —>! 4.64 5,57
13 58.50 7,71 {= | 4,74 5.36 ¥
14 63.20 [ 7.35|< > 4.99 4,85( 4,43
£
.14 | .6501.37]3.43
15 67.50 < —» ] 5.34 4.12[4.00}3.27{ 4.12
See
30 |l.05(%.20 upper
16 71.80 < —> [ 5.82 3.15(3.04 [2.47 | 3.15 |offsets
.65
17 78.10
< 6.41 1.9411.84(1.51| L.94
1.7 4
17-1/2| 78.25 < —»5| 6.77] O 1.20(1.16 1,00} 1,20
0.57 0.57 | Gonstant | 0,57
| AP, | 80,40 7.35 7.35(Rad. Bad, |¢——>| Rad,

®pigtance from center line (plane of symmetry) to buttock

(8). Distance from base line to water lins (WL



TABLE IV

OFFSETS FOR BOW OF MODEL 73~-A SINGLE FLOAT (INCHES)

Distance from base line Half-breadth
Sta- 3::; Keell BL | B2 | B3 | B4 | B5 gT:ny Chine |Deck gT:x?;y Chine | Wl 1| Wi 2/WL 3 WL U 1WL 5 Decie
tion| from 1.00%|2.00(3,00|4,00|5.00| of of 8.57"6.86(5.14{3.43 {1.71 |radius
F.P. flat flat :
T.P. 0|C.15 0.4510.45 0
(a) | 1.00/3.87|1.73 [1.09 1.07 | 1.07] 04| 2.22] 2.72 0.14{1,02{ 4,12
() | 3.00{6.19|4.26 |3.03|2.H1]|2,23 2.23 | 2.23) 00| 3.84 434 0.50{1.61 443
1/2 | 5.15(7.61]5.93 | 4.68|2.87|3.42[5.34|3.30 | 3.3L4 464! 5,14 0.U4311,59(3.97 T
1 7.30| 8.517.05 |5.90(5.07 |¥.52 | 431 [{4.31 | Y31 5.06| 5.56 1.15{2,89
12| 9.45(9.13(7.88 |6.82]6.02{5,45(5.16{5.14 | 5.1k 5.31| 5.81|0.43 |1.96{5.31
2 | 11.60{9.5% 819 | 7.55{67716.22|5.90(5.8% | .84 541 5,9%| .91 |2.86
3 | 15.90[10.04{9.26 | 8.52| 7.83| 7.28|6.93|6.87 | 6.87 5e50| 6400{1.92
4 | 20.20{L0.25 [—> 9.02|8.U43|7.90{7.5k4 7.4 \ i 2.75 !
24,5000, 29 {Btm'igh’g 8.75|8.22|7.85 7.72| .00 6.00{3.31 .43

Offsets station 6 ond aft same as those of model 73 (tabls II1).

#Distance from center line (plaue of symmetry) to tuttock (B).

BDistance from base line to water line (WL}

*ON 830§ TEOTWUISL "V*'0'V'N
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[P% K L=

Model 73; V=8.2 f.p.s.;T=4.5°

Figure 6.~ Photographs of models free to trim at about 8 f.p.s.
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Model 73; ¥=10.2 f.p.s.;T=4,4°

Tigure 7.~ Photographs of models free to trim at about 10 f,p.e.
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Model 73; V=~12,3 f.p.s.; T=4,4°

Pigure 8.~ Photographs of models free to trim at about 12 f.p.s.
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O S i

Model 73; V=19.2 f.p.s.;T=8.4°

Figure 9,- Photogrephs of models free to trim at about 185f.p.s.
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el gl

V=19.8 f.p.s.

Mgure 10,- Photographs of model 73-A free to trim,
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N.A.C.A. Technical Note No., 656 Pig. 46

Yigure 46.- Model 73«A mounted in the wind tunnsl,
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Tigurs 47a,b.~ Varietion of alr drag oosfficlent Op with angle of pitoeh. '
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